L
arge epidemiologic studies of dementia are made difficult by the complexity of case finding and definition. A simple and widely available approach would be to base the case definition on the International Classification of Diseases (ICD) codes, but additional data on their validity are needed. In the Multi-Ethnic Study of Atherosclerosis (MESA), we examined the concordance of dementia-related ICD codes with textual comments in corresponding medical records (here restricted to hospital records and death certificates). Our hypothesis was that ICD codes reflecting dementia diagnosis reasonably correspond to textual language in medical records.
METHODS
MESA focuses on the prevalence, risk factors, and progression of subclinical cardiovascular disease (CVD) in a multiethnic cohort, as previously described. 1 In brief, 6814 community-dwelling men and women who identified themselves as white, black, Hispanic, or Chinese, aged 45 to 84 years, free of clinically apparent CVD, and other serious illness and cognitively able to participate in the study were recruited from 2000 through 2002 from Baltimore City and Baltimore County, MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA; northern Manhattan and the Bronx, NY; and St. Paul, MN. For this study we used data through 2013 (released to investigators in June 2015).
MESA telephone interviewers inquired about interim hospital admissions and deaths every 9 months. Copies of all obtainable death certificates and ICD10 codes, face sheets, and ICD9 codes from hospital records and some outpatient diagnoses were assembled by MESA staff at each center. MESA medical records were collected to adjudicate fatal and hospitalized cardiovascular events. An attempt was made to obtain at least ICD coding for each hospitalization or death. If the events were related to MESA outcomes the full medical records were requested and the clinic coordinator submitted copies of parts deemed relevant to the MESA adjudication committee for review. Although dementia was not a prespecified outcome for MESA adjudication, medical records often mentioned it.
Procedure
The set of ICD codes used to identify dementia cases (Supplemental Table, Supplemental Digital Content 1, http://links.lww.com/WAD/A142) included nonspecific codes such as "memory loss" (ICD9: 780.93) or "persistent mental disorders due to conditions classified elsewhere" (ICD9: 294.8, 294.9) in the list because studies in the United States showed that use of these codes was not uncommon, 2,3 even for dementia cases assessed by neurologists. 4 We defined dementia as characterized by a significant decline in cognitive function compared with a previous level, not better accounted for by other mental disorders (such as major depressive disorder, schizophrenia) or secondary conditions (due to either infection, malignancy, trauma, or substance use). One clinician (A.F.) read medical records blinded to ICD codes, looking for phrases that would indicate, or contradict the conditions defined above. Dementia diagnosis textually documented in the medical records was considered the reference (ie, true positive). We tabulated in categories (1) medical record text concordant with ICD dementia code, (2) medical record discordant with ICD code, (3) medical record indeterminate, and (4) medical record text not available for review. For categories 3 and 4, we also examined all medical records obtained in the Minnesota research clinic (location of the clinician reviewer) for cases where the records sent to the adjudication committee were indeterminate or inadequate (n = 11, with 4 judged concordant, 5 judged discordant, and 2 Mutually exclusive combinations of criteria met. *12 of the 108 with 2 criteria met had a code in categories E, F, or G; 4 of the 12 were confirmed and 3 were contradicted. w14 of the 45 with 3 to 5 criteria met had a code in categories E, F, or G; all 14 had at least 2 codes in categories A to D and all were confirmed.
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RESULTS
We identified 306 potential cases of dementia by ICD code (52 based solely on death certificate). As shown in Table 1 , 224 cases were concordant, whereas 18 were discordant, and 64 were indeterminate (among which 31 had no available textual record).
Positive predictive value (PPV) of dementia identified by ICD code was 73.2% (224 concordant/306 with dementia according to ICD coding). Considering that MESA did not explicitly attempt to obtain medical records for all possible dementia cases and assuming the 64 participants in indeterminate categories 3 and 4 were missing information at random, then the most optimistic PPV would be 92.6% (224/242).
The pattern of ICD codes encountered in these MESA participants is detailed in Table 1 (1 condition at a time, whether other conditions were present or not) and Table 2 (mutually exclusive breakdown by single defining ICD code condition or number of defining ICD code conditions). Half of the 306 dementia diagnoses were based on meeting 2 or more ICD code criteria (Table 2) , and medical text in these cases was concordant with the ICD code diagnosis in 84.3% (2 criteria met) with 3.7% discordant and 97.8% (3 + criteria met) with none discordant. In the other half of cases which met only a single criterion, medical text confirmed the ICD diagnosis in only 58.2%, with 9.2% discordant and 32.7% indeterminate. Among cases meeting a single criterion (Table 2) , substantially higher discordance rates occurred only in the rare categories "F. Cognitive deficits, late effects of cerebrovascular disease" (12 cases) and "G. General signs and symptoms: memory loss" (2 cases). Indeterminate records were common in these 2 categories and in the category "E. Other specified dementias and nonspecific conditions" (16 cases). Considering any mention of an ICD criterion code group (Table 1) , concordance percentage was 80% or more for "A. Vascular dementia," "B. Alzheimer's dementia," "C. Other dementias and chronic organic psychotic conditions," and "D. Other persistent mental disorders," corresponding to any ICD9 290 or 294 code plus 331.0, or any ICD10 F00, F01, F03, F04, or G30 code.
Few of the identified dementia cases had the dementia ICD code in the first or second position; therefore, the medical textual wording which justified our judgment of concordance was limited. We found it to be adequate to claim concordance with dementia, but insufficient for the specific dementia diagnosis in part because in 63% of cases (140/224) the wording in the medical record did not provide a specific dementia diagnosis. For the 18 discordant cases, the following alternative conditions (number of cases) were considered more likely: delirium or acute confusional state (7), cognitive decline induced by remote trauma (3), normal pressure hydrocephalus (2), alcohol-related or hepatic encephalopathy (2), brain metastasis from malignancy (1), infection of the central nervous system (1), other conditions (2).
DISCUSSION
We found a high PPV of ICD code dementia diagnosis in people who were not demented at MESA baseline. We made a conservative PPV estimate of 73.2% (ie, medical text was concordant with the ICD code diagnosis), and a less conservative estimate of 92.6% under the liberal assumption that the records specific to the dementia ICD code were either not obtained from hospital or were retained in clinic, given the cardiovascular focus of the MESA adjudication effort.
Studies on validity of dementia ICD codes from clinical/administrative practice have been limited, and most of them were from European countries where a national registry or similar system exists. [5] [6] [7] [8] PPV of ICD codes from those studies, including a study on Alzheimer's disease in the United States, 9 ranged from 78.9% to 96.3%, close to our estimate. We found that specific dementia diagnoses were less commonly documented in the medical records that were not focused on documenting dementia. Similar results were reported in the literature. 4, 6, 8 Inclusion of nonspecific codes such as "memory loss" in epidemiological studies may be a challenge as it is likely to increase both true-positive and false-positive cases. 4 Such trade-off should be considered carefully in selecting code sets, but these codes were relatively rare in this MESA sample, occurring as the only defining criteria in 30 people, <10% of all MESA cases (categories E, F, and G in Tables 1, 2 ). Therefore, inclusion or exclusion of these more questionable cases does not seem to be an important epidemiologic consideration in defining dementia by ICD code based on death and hospital records. Many of these questionable cases could have had mild cognitive impairment, which would alter our conclusion in a study that included outpatient records.
A limitation in MESA is that discovery of false negatives is problematic. Dementia cases that were never hospitalized or died without mention of dementia, lost to follow-up due to their dementia, or less advanced cases (who are less likely to be documented in medical records 2, 9 ) are likely scenarios for false negativity. In addition, our review of medical records was not complete (89.9%, 275/306 potential cases). However, a strength of our study is the completeness of MESA follow-up and attempt to obtain at least ICD diagnoses from all participants hospitalized or dead, whether for a presumed MESA target event, or not. Another strength is that MESA is a study of communitydwelling people initially without overt CVD or severe cognitive loss.
In conclusion, in a study with near complete follow-up of hospitalizations and deaths, ICD code-based dementia diagnosis had a true positive rate of at least 73%. Although our broad dementia category has its own limitation, assuming nondifferential misclassification of dementia by exposure, our case definition would enhance studies of dementia risk in cohort studies such as MESA and in "big data" such as CMS/Medicare or EMR generally.
